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1. INTRODUCTION: When sound from a distant source is measured by use of a
microphone located above the ground plane, the sound pressure level spectrum
is distorted by reinforcements and cancellations resulting from interference
between sound waves received directly from the source and those reflected
from the ground. SAE AIR 13271 presents an analytical description of the
interference effects between direct and reflected sound waves, for both
discrete frequency and broadband noise sources. In particular, spectral
1rregu1ar1t1es caused by ground reflection effects are shown to depend on the
relative o o-—mi-crophone—a U , and also on
the wave]ength (or frequency) of the sound arr1v1ng at the m1crophone
Wavelength is, in turn, dependent upon the local ambient temperature, which
may vary|l from test to test. Additionally, the acoustical'chardcteristics of
the ground surface are important.

SAE AIR [1672B2 describes several practical methods, developed Hy different
organizations, for removing or minimizing ground reflection effiects from
engine and aircraft noise spectra measured using a microphone gbove a
reflecting plane. The intent of all the progcedures described {n AIR 1672B is
to obtain sound pressure levels equivalent to those that would |have existed
at the measurement location in an acoustie, freefield, i.e., inja sound field
where reflected waves are not present. «Much of AIR 1672B is directed at the
measurenent of noise from aircraft engines under static_test cgnditions, but
Appendiy D describes results of someflight experiments3 condudted with a
microphgne mounted above a 2.4 m (8 ft) diameter wooden board.

1,2,3 see rdferences §n Section 6.
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INTR TION: (Continued)

For most scientific and engineering purposes related to aircraft acoustics, a
method to determine equivalent freefield sound pressure levels from flight
test measurements is required. The majority of flight test noise
measurements, including those made for certification and general airport
noise-monitoring purposes, utilize microphones located some distance above
the ground plane, and hence the data contain the effects of ground reflection
interference. In particular, when the sound from a propeller-driven airplane
is measured by a microphone mounted at the conventional height of 1.2 m,
interference effects in the spectra are of major concern because the largest
of the resultant reinforcement and cancellation effects often occur in the
same freduency range as the rundamental and harmonics of the prgpeller
blade~pagsing frequency (as well as the engine-firing frequency’lof piston
engines)| (See Appendix A.)

Many expdrimental arrangements to minimize ground reflection efflects have
been congidered (see Refs. 3 to 13). Such arrangements“have ranged from
maunting [microphones up to 10 m above the ground, to‘configurations where the
microphore diaghragm was flush with the ground. Mith a 10 m microphone
installation?,3, the largest ground reflection dnterference effects are

moved to frequencies lower than those associated with lesser heilghts (such as
1.2 m). [However, cancellations and reinforcements at a height 10 m may
still didtort measurements of the source .poise in the frequency [range of
interest [for propeller-driven aircraft. It would be necessary to measure at
heights dignificantly greater than 10nto minimize ground reflection effects
in measurled data from all propeller-driven aircraft. Since the [logistics of
taking mdasurements at heights above 10 m are difficult, a more practical
installatiion is one where the microphone is close enough to the ground to
ensure that the direct and ground-reflected sound waves are of ejqual
amplitudg and in phase (or nearly so) over the frequency range interest.
Under thdse conditions, the ‘sound pressure at the Tocation of the microphone
is twice [the corresponding freefield sound pressure, and the measured sound
pressure |level is six(decibels (6.0 dB) greater than the freefielld sound

pressure [level.

To achive full pressure-doubling, and hence a 6.0 dB reinforcemept at all
frequenciles, At would be necessary to mount a microphone with its diaphragm
flush with a>large, acoustically "hard" and fully reflecting surface.
Clearly, [(tTOwould often be impractical to "bury" a microphone suEh that its
diaphragm was in the same pTane as a Targe, hard surface, and an alternative
arrangement is necessary. Good results have been noted when the microphone
fs Tocated in the center of a large convex inverted dish8, or offset on a
large circular board2:3, Another method is to lay the microphone flat on a
convenient, large and acoustica]ly hard ground surface, with its diaphragm
vertical, such that interference effects occur at frequencies higher than
with the microphone at heights of 1.2 or 10 m. However, although a simple
arrangement, a microphone laying on the ground surface yields results that
vary with the direction of sound incidence, the lTeast variability only
occurring when the aircraft flight track 1s always close to the plane of the

microphone diaphragm.

2,3,8 See references in Section 6.
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1. INTRODUCTION: (Continued)

An arrangement that is practical, and which minimizes interference effects
still further without exhibiting marked directional effects, is where the
microphone is inverted so that its diaphragm is parallel to and only a small
distance above a hard ground surface. Interference effects still occur, but
if the separation between the diaphragm and the hard surface is sufficiently
small, they are at frequencies above the frequency range of interest for
propeller-driven aircraft.

Results from laboratory tests and other relevant 1nvest1gatlons3 ]3, have
demonstrated that for a “half 1nch" pressure microphone, a separation of
7 mm betwfe rd ' i aphragm Jis required
to obtain measurements free from interference effects in the frejquency range
of interept.

d reflecting surface is not available, noise measuremgnts may still
ith an "inverted" microphone configuration, but the sound pressure

1 differ from those made over a hard surface, because |of a

in the level of the reflected sound due~to absorption,| and

5 in the effective position of the acogstic "ground" surface

to sound frequency. Greater consistency may be obtained by placing
ard and flat plate over the soft surface, and mounting the inverted
e over the plate/~'4. However, dfffraction effects ard introduced

t of a discontinuity in acoustic¢ impedance at the edgeg of the
example, as described in Appendix D of Ref. 2.

levels wi
reduction

Such edge| diffraction effects may.be minimized in two ways. Finst, the
microphone may be located off center over a circular plate, such that
diffractipn effects are spread.over a band of frequencies rathen than being
concentrated at one frequency which is a function of the radius |[of the

plate. Sgecond, the platewcan be "bedded" flush with the surrounding terrain,
so that most of the physical discontinuity at the edge may be minimized,
although ja change in acoustic impedance still rema1ns Other mgthods of
reducing [diffractioneffects have been studiedd, but no configuvation has
yet been developedithat exhibits no diffraction effects over the entire
frequency| range ©f interest.

| be-nhoted also that, with a microphone mounted very clgse to the
efpaction and scattering caused by the micro-meteorological effects
of turbulence, and wind or temperature gradients near the surtace, can affect
the measured sound pressure levels. However, such effects are normally only
significant when sound waves propagate at very small angles relative to the
ground plane. No evidence has been found of significant effects at
propagation angles relevant to aircraft flyover noise measurements, provided
the surface in the neighborhood of the microphone is painted white to
minimize solar heating effects, and the windspeed is within normal limits for
noise testing purposes.

3-13,7-14,8 gee references in Section 6.
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1. INTRODUCTION: <{Continued)

From the foregoing, a ground-plane microphone configuration is recommended in
this ARP that will produce essentially undistorted measured spectra, from
which a close approximation of propeller-driven aircraft freefield sound
pressure levels may be obtained.

2. SCOPE: The scope of this ARP embraces the description of a configuration for
a ground-plane microphone installation that may be used to determine sound
pressure levels equivalent to those which would have been measured in an
acoustic freefield at the microphone location. The one-third - octave-band
center—frequency range over wh1ch equivalent freefield sound pressure levels
may be olfts T 35t o a5 10,000 Hz.

noise prdduced by propeller-driven light aircraft, in flight, for sound
incidencd angles within 30 degrees of the normal to the“ground. | For larger
angles tg the normal, additional adjustments may be necessary whiich are
outside tlhe scope of this ARP. Caution needs to be exercised, therefore, if
the reconmended configuration is used to measure the noise from pircraft
other than those driven by propeller powerplants, in particular,| when full
spectral |[information is required (especially<outside the range of 30 degrees
to the ndrmal to the ground surface), or whén measurements of time-integrated
hoise deslcriptors are required.

3. RECOMMENDED GROUND-PLANE MICROPHONE INSTALLATION: The recommendpd
ground-pllane microphone installation employs a "half-inch" diameter

le that has been designed to have its most uniform (i.e.| flattest)

response in the pressure field of a closed cavity, e.gl, a pressure

incidence-response‘.capacitor microphone.

This presjsure microphone,~with its protective grid installed, shpll be

an inverted position so that the diaphragm is 7(+1,-0) mm above
either an| extensive acoustically hard surface or a circular metaj plate, as
illustratied in the’sketch in Figure 1. HWith an inverted microphpne above an
extensive| hard supface (e.g., concrete or well-sealed asphalt), wphich must be
smooth and flat," the microphone shall be located at least 5 m frpm the edge
of the surfaces An area of at least 2 m radius around the microphone shall
be paintedwhite, to avoid local solar heating effects.

If not measuring over a hard surface, a white-painted circular metal plate,

0.4 m diameter and at least 2.5 mm thick, shall be "bedded" firmly and with

its upper surface flush with the surroundxng ground surface. The microphone
shall be located at 3/4 radius from the center of the plate, in a direction

normal to the intended flight track, as shown in Figure 1,

The 7 mm minimum separation is important, since a smaller gap will give rise
to high-frequency amplifications, believed to be caused by microphone
resonance effectsd. Conversely, a gap significantly greater than 8 mm will
cause ground reflections that will affect the high frequencies in the
measured spectrum.

5 See references in Section 6.
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3.

4.1

ECOMMENDED GROUND-PLANE MICROPHONE INSTALLATION: (Continued)

The separation between the m1crophone diaphragm and the face of the
protective grid over the diaphragm should be obtained from the manufacturer's
Instruction Manual for the specific type of microphone to be used, and slip
gauges produced to ensure a repeatable "in-the-field" setting-up procedure.
As an example, Figure 2 refers to a typical "half-inch" microphone, for which
there 1s a 1.1 mm nominal separation between the diaphragm and the outer
surface of the protective grid. From this dimension, a slip-gauge/bar
control system is illustrated that will enable the recommended
diaphragm-to-plate/surface dimension of 7(+1,-0) mm to be achieved.

For other gaug nepd to differ
according| to any dlfferences in the separation between the grdid’pnd the
diaphragm{

NOTE: Solind pressure levels are normally measured when dhe mean| steady wind
speed is [low, e.g., less than 12 knots (6 m/s) at 10 m or 10 knots (5 m/s) at
1.2 m. Close to the ground, the wind speed is significantly lower than at
the normaf position of windspeed measuring devices, and hence the use of a
windscreep should not be required with any 1nstallat10n of an "inverted"
ground-plane microphone.

ADJUSTMEN[T OF MEASURED SOUND PRESSURE LEVELS TO EOUIVALENT FREEF[IELD SOUND
PRESSURE LEVELS:

Measurempnt Over a Large Acoustically Hard Surface: When a
half-inch-diameter pressure-microphone is inverted (as described in Section
3) above| and close to a large,-acoustically reflective surface, the measured
sound prpssure levels have a<6.0 dB reinforcement at all frequencies up to

maximum pf +2 dB greater than the 1/3-octave~band sound pressurje levels
measured| by use 0f a microphone with its diaphragm fitted flush with the
reflectipg surface, over the frequency range up to 10 kHz.

octave-ban P y aboratory test did not
generally exceed 1 dB at frequencies less than 5 kHz, where most dominant
propeller tones are situated, and were not more than 2 dB over the whole
frequency range of interest (up to 10 kHz), differences between
inverted-microphone and flush-microphone sound pressure levels should be
negli?ible for measurements of propeller-driven aircraft flyover

noise Hence, for the purposes of this ARP, the small differences
between the sound pressure levels measured by use of flush and inverted
microphones are neglected, and 6.0 dB should be subtracted from the measured
sound pressure levels at all frequencies, to obtain equivalent freefield
levels of the noise from propeller-driven light aircraft.

5,10,12,13 gee references in Section 6.
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4,2 Measurements Over Natural Terrain, Using_the Plate-Mounted Microphone
Installation: MWhen the recommended plate-mounted inverted microphone is
installed flush with a natural ground surface, there will be a discontinuity
in acoustic impedance at _the edge, or boundary, of the plate. Theoretical
analyses and experiments?,10,13 indicate a consistent pattern of
diffraction effects for a microphone inverted over the plate, resulting in
different sound pressure levels from those obtained by using a flush-mounted
microphone. However, the experiments have shown that such effects are less
than 0.5 dB up to 2 kHz, beyond which microphone-to-plate separation effects
become predominant, and the deviations from pressure-doubled become similar
to those observed for the large acoustically hard surface. Consequently,
for the purposes of propeller-driven light aircraft noise measurements, the
small d{fferences between sound pressure levels measured by inverted and
flush systems are again neglected, and 6.0 dB should be subtraqted from the
measured sound pressure levels at all frequencies to obtaineqyivalent
freefield sound pressure levels.

5, SUMMARY:| To summarize the reéommendat1ons of this ARP:

5.1 To obtain pressure-doubled sound pressure levels~from propellev-driven Tight
aircraff flight noise measurements, use a half<inch-diameter prjessure or
random-incidence microphone inverted with its.diaphragm 7(+1,-Q> mm above
either d hard, rigid large surface that is Tight in color, or a 0.4 m
diameter heavy metal plate that is at least 2.5 mm thick and lijght in color,

preferally white.

5.2 To adjugt the sound pressure level-Spectrum so acquired to provlide an
approximation of the freefield spectrum of the aircraft when iff is within 30
degrees [of the normal to the ground surface, subtract 6.0 dB af all
frequengies.

NOTE: Iff the systems spectified in Section 3 are used to measure the noise of
airpland types other than propeller-driven light aircraft, corrections will
have to|be applied which are outside the scope of this ARP.

6. REFERENCHS:

1. "Acqustic effects produced by a reflecting plane." Society| of
Autdmotive Engineers, Aerospace Information Report, AIR 1327 (January

1976

2. "Practical methods to obtain free-field sound pressure levels from
acoustical measurements over ground surfaces.”" Society of Automotive
Engineers, Aerospace Information Report, AIR 1672B (Rev. June 1983).

3. M. J. T. Smith, "International Aircraft Noise Measurement Procedures:

Expensive Acquisition of Poor Quality Data." American Institute of
Aeronautics and Astronautics, Paper 77-1371 (1977).

9,10,13 See references in Section 6.
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FIGURE 1 - Reécommended copfiguration for measurements of sound pressure levels
over acoustig¢ally soft ground surface with half-inch-diameter pressu
inverted over metal plate.
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FIGURE 2 { Illustration of the use of slip/bar gauge system to se¢t the gap
between ipverted microphone.and base-plate, where the nominal grid-outer-
surface-tp-diaphragm dimension is 1.1 mm.

Prepared by

SKRE COMMITTEE A-21,
ATRCRAFT LOISE
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APPENDIX A

IN ATRCRAFT NOISE MEASUREMENT

The three illustrations contained in this Appendix elaborate upon some of the
ground reflection interference effects referred to in the main body of the ARP.

A1 The magnitude of interference effects in the measurement of noise from
propelier-driven aircraft is illustrated in Fig. Al. This shows comparisons
between one-third - octave-band sound pressure levels measured by use of a
microphone at a height of 1.2 m above ground, and a microphone near the
ground s

In Fig. 1ACa), for a 2-bladed propeller, the sound pressure-levells at the

1 and second overtone of the propeller blade passing frequency were
significantly lower when obtained by use of a microphoneCat 1.2 m than those
obtained by use of a ground microphone, as a direct result of grpund

In Fig. 1AC(b), an example for a 4-bladed propelier, sound pressufe levels
from the [1.2 m high microphone were significantly lower at the ffrst and
peller blade overtones, again as a<result of ground reflection

effects.

If the ba
been less
caused ev
measured

dwidth of the frequency analyzer used in the above anajyses had
than one-third of an octave; ground reflection effects|would have
n larger observed differences between the sound pressufe levels
t 1.2 m and near ground.

(from Ref. 5) illuStrates the effect of varying the separation
"inverted" microphone and a hard surface, under steady-state
conditions, for' sound waves at normal incidence to th¢ surface

responding to,aircraft "overhead" in a flight test). The

ce effectstare seen to increase in frequency as the separation is

ith a "r@sonance" amplification being observed when the¢ separation

e microphone diaphragm and the surface falls below 7 mn.

A2 Figure A2

(i.e., coO
interfere
reduced,

between t

A3 Figure A3| (from Ref. 5) illustrates the steady-state laboratory ¢omparison
between measurements taken with a microphone mounted with its digphragm flush
in a reflecting P mm
separation between its diaphragm and the same reflecting surface. Although
the inverted system exhibited one amplification greater than 2 dB at one of
the frequencies and incidence angles tested, the same test series examined a
range of separations, leading to the conclusion that a 7 mm gap will Timit
any amplifications to less than 2 dB. In fact, in over 90% of the
frequency/angular combinations possible within the 30 degree-to-the-normal-to-
the-ground-surface within the scope of this ARP, the deviations from pressure-
doubling due to resonance or interference effects will be Tess than 1 dB.
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